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Introduction
The average milk production per cow has increased
dramatically over the last 20 years. Not only ge-
netic improvement, but also changed feeding man-
agement as basis for optimal production has
contributed to this development. Use of total mixed
rations and increased energy supply are today’s
standard in successful dairy farming. Here, the pro-
portion of energetic dense feed components is often
maintained at the highest level possible to deliver
proper energy supply for the high producing dairy
cow.The complexcity of managing a large dairy
herd and the tendency of cattle to prefer concen-
trate rather than structured components, however,
does not always deliver the necessary intake of
feedstuffs high in structure. This may lead to an im-
balance of energy with the proportion of structure,
a component of crucial importance for the ruminant
digestive system (De Brabander et al., 2002).
The rise of acid in the rumen originating from
carbohydrates and the decreasing buffering capac-
ity of structured feeding components lead to an
acidic ruminal environment. Already in the early
1960’s, the tendency of increasing the carbohy-
drates providing necessary energy supply at the
cost of roughage-components has been character-
ized as putting the animals at the edge between
maximal productivity and illness due to acidosis
(Dunlop, 1961). Although today modern dairy
farming is based on research and feeding technol-
ogy, it has to be expected, that non-acute forms of
ruminal acidosis are indeed present in high-produc-
ing dairy herds. These forms are believed to con-
tribute to milk fat depression (MFD), laminitis and
other impairment of health status, finally leading
to increased culling rates on herd-level (Oetzal,
2000). In the last years, this form of non-acute ru-
minal acidosis in dairy farms has been described as
sub acute ruminal acidosis (SARA). Although it
has been characterized in a number of publications,
the real prevalence could only be estimated. A field
study in the U.S. in the early 1990’s revealed a
SARA-prevalence of up to 26% in the whole study
population of 15 dairy farms reaching as much as
40% on single farms (Garrett et al., 1997). This
would furthermore enable researchers to establish
the possible influence of SARA on milk production
and evaluate the proposed diagnostic schemes
made for the evaluation of SARA-prevalence.
*Corresponding author: Kafil Hussain
Address:.Division of Veterinary Clinical Medicine & Jurisprudence,
FVSc & AH, SKUAST-J, R S Pura, Jammu-181102, India
E-mail address:kafil.hussain@gmail.com
Journal of 
Advanced Veterinary Research
Volume 1 (2011) 80-93
Management of Sub-acute Ruminal Acidosis in Dairy Cattle for
Improved Production: A Review
Kafil Hussain*, Amjad Ul Islam, Surinder Kumar Gupta
Division of Veterinary Clinical Medicine & Jurisprudence, FVSc & AH, SKUAST-J, R S Pura, Jammu-181102, India
(Recieved 3 May 2011/ Accepted 25 Jun 2011)
Abstract
Sub-acute ruminal acidosis (SARA) is a well-recognized digestive disorder that is an increasing health problem in most
dairy herds. Feeding diets high in grain and other highly fermentable carbohydrates to dairy cows increases milk production,
but also increases the risk of SARA. Sub-acute ruminal acidosis is defined as periods of moderately depressed ruminal pH,
from about 5.5 to 5.0. Sub-acute ruminal acidosis may be associated with laminitis and other health problems resulting in
decreased production. Dairy herds experiencing SARA will have a decreased efficiency of milk production, impaired cow
health and high rates of involuntary culling. Reduced ruminal efficiency, liver and lung abscesses, and laminitis are all thought
to be related to SARA. The risk of developing SARA can be reduced by adopting a feeding regime, which balances ruminal
buffering with the production of volatile fatty acids from fermentation of carbohydrates. Recommendations made for effective
characterization, important management factors and good management practices of SARA in dairy cattle are further high-
lighted. 
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The physiological ruminal pH
A physiological pH depends on the physiologic
morphology of the rumen as well as the type of ra-
tion fed to the animal. A ration consisting mostly
of roughages thus leads to a higher pH mainly in
the range from about 6.0 up to 6.8, whereas a diet
high in concentrate leads to a pH range mainly
from 6.0 down to about 5.5. Hence, a milieu dom-
inated by cellulolytic bacteria suitable for roughage
fermentation establishes a higher pH, on the other
hand a lower pH range is maintained in an amy-
lolytic milieu utilizing concentrates (Kaufmann,
1979; Dirksen, 1985, Owens and Goetsch, 1988;
Dirksen, 1990). The mechanisms of these regula-
tions are based on the management, the type, com-
position and quality of the ration, its physical
structure and moisture, these factors for their part
influencing taste and palatability, hence feed in-
take, chewing time and saliva production (Mackie
and White, 1990; Hutjens et al., 1996). The pH of
the ruminal environment is stabilized by different
mechanisms, which have to be understood as an in-
teraction between bases, acids and buffers (Owens
et al., 1996). In higher pH-ranges the main active
component is the buffering by the HCO-/CO2 –
system and the phosphate-buffer, both of which to
a large extent are based on the saliva-flow (Owens
et al., 1996; Ivany et al. 2002). In lower pH-ranges
the short-chain-fatty acids (SCFA) buffer (Gurtler,
1989; Hoover and Miller 1991; Owens et al.,
1996). It has also to be taken in account the buffer-
ing capacity of the feed stuffs themselves, deter-
mined by quality and processing, active through
proteins which buffer at a higher pH-range, more-
over the indirect buffering via mechanical induc-
tion of saliva flow (Church, 1979; Gabel, 1990;
Mackie and White, 1990; Van Soest, 1986), the re-
sorption of SCFA (Dirksen et al., 1984; Owens et
al., 1996) and the transportation of rumen content
to the omasum (Martens, 2000). The question,
whether a reticulo-ruminal pH can be judged as
physiological has therefore to be answered in con-
text with the diet fed to the animals. For bovines
fed solely on roughage, a pH ranging from around
6.4 up to 6.8 can be interpreted as physiologic (Pf-
effer, 1987). In bovines fed on a high-concentrate
diet a lower pH has to be expected. Most authors
thus declare pH 5.5 being acceptable for an acidic
milieu and at least non-pathologic (Owens and
Goetsch, 1988; Leek, 1993), or explicitly being
physiological (Dirksen, 1985; Martens, 2000). Gar-
rett (1996) recommended a ruminal pH of ≤ 5.5 to
be judged being abnormal while ≥ 5.8 should be
viewed as normal.
Pathophysiology of the ruminal pH
The different forms of rumen acidosis have the ini-
tial pathways in common. The difference consists
in the regulating mechanisms taking place, once a
low ruminal pH is established (Oetzel, 2000). The
development of a low ruminal pH, ranging from
about pH 6.4 down to 5.5 and even lower, mostly
starts with the intake of a diet high in energy. Easily
digestible carbohydrates, like starch, sugar or
pectin, provide this energy (Moller, 1993, Nord-
lund et al., 1995). Certain factors contribute to the
development of an acidic ruminal environment:
Decrease of saliva flow. Concentrates are usually
given processed and thus easily taken up, forage
components are often fed in small particle size.
Chewing and ruminating time decrease, so does the
flow of buffering saliva into the reticulo-ruminal
compartment (Dirksen, 1985; Garrett, 1996).
Change of microbial population. The change in
substrates to ferment leads to a lower ruminal pH
and a shift in the reticulo-ruminal flora.Growth of
protozoa is restricted, so is growth of gram-nega-
tive bacteria (Slyter, 1976; Dawson and Alli-
son,1988; Ivany et al., 2002). Decrease of buffering
capacity from feedstuffs. Because more concen-
trates are taken in, less buffering capacity is sup-
plied by ingested roughage. Concentrates do not
buffer as forage does (Gabel, 1990; Van Soest,
1988; Owens et al., 1996; Garry, 2002). Increase
of short chain fatty acids (SFCA)-production. The
presence of rapidly fermentable substrates leads to
a rising production of the SCFA thus reducing the
ruminal pH. The pattern of SCFA changes in this
process: The ratio of acetic towards butyric and
propionic acid becomes narrow. Instead of the nor-
mal range, which can be seen at about 2:1. it
changes towards round about 1.2:1 (Slyter, 1976;
Moller, 1993; Enemark et al., 1998). Increase of
lactate-production. The sudden presence of abun-
dant energy leads to a slowly rising production of
lactate by certain bacteria like Streptococcus bovis
or protozoa like Dasytricha. These organisms are
otherwise growth-restricted for they have to com-
pete with those who use energy more efficiently
and provide the substrates to form SCFA and lac-
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tate. Both L-form as well as the D-form of Lactic
acid are produced (Slyter, 1976; Dirksen, 1985;
Dawson and Allison, 1988; Underwood, 1992) The
low reticulo-ruminal pH is therefore caused by an
absolute rise of the SCFA-production, combined
with a relative fall of acetic acid, and an enlarging
production of lactate. This rising of acids is insuf-
ficiently neutralized by the decreasing saliva flow
and presence of feedstuffs with a low buffering ca-
pacity (Dirksen, 1985). These physiological mech-
anisms, which may on one hand lead to a
reticulo-ruminal milieu ideal for the fermentation
of the feedstuffs ingested, on the other extreme pos-
sibly to development of acute acidosis, open a fine-
tuned, however unstable mechanism of action and
counter-action: The rise of SCFA and lactate may
be diminished by the metabolism of microorgan-
isms and the resorption of the products by the
rumen wall. Lactate is being used by certain bac-
teria, like Selenomonas ruminantium or Megas-
phera elsdenii to form acetic or propionic acid.
Moreover, it is to a certain extent being absorbed
by the ruminal wall and neutralized in the blood-
stream. The SCFA are absorbed or metabolized by
the ruminal wall as well as transported to omasum
and abomasum by the normal rumen motility
(Slyter, 1976; Dirksen et al., 1984; Murphy, 1993;
Martens, 2000). It has to be taken into account,
however, that the rise in lactate goes on. Lactate-
producing organisms are more resistant to the
lower pH-environment and carry on in formation
of lactate. This process can be accelerated due to
the presence of free glucose in the rumen, which is
used by lactate-forming bacteria. Moreover, the
low pH developing may reduce the number and ac-
tivity of lactate-using organisms (Slyter, 1976;
Dirksen, 1985; Gabler, 1990). The absorption of
SCFA by the ruminal wall is initially promoted by
the more acidic medium. The negative effect of the
low pH and high SCFA-level on rumen motility,
however, impairs this process. Different mecha-
nisms are suspected to cause this phenomenon (Un-
derwood, 1992; Garry, 2000).
Patho-mechanism and definition of SARA
The onset of SARA is marked by the intake of
a diet low in structure and high in energy, while the
ruminal environment is not yet prepared to ferment
it adequately while keeping the ruminal pH within
those borders.The ruminal wall and its papillae
play an important role herein. The adaptational
growth has been described (Dirksen et al., 1984).
The ruminal papillae are of crucial importance in
the absorption of SCFA; the proliferation of the
papillae is promoted by the SCFA arising from the
fermentation. If the ruminal mucosa is not adapted,
which is the case at the shift from a dry-period to a
high-lactation diet, the papillae are too short, and
this means that the resorbing surface is too small
to deal with the sudden increase of SCFA (Nord-
lund et al., 1995). Also the bacterial population,
which has to metabolise the lactic acid arising, is
insufficiently developed (Slyter, 1976, Nordlund et
al., 1995). Thus, in cases of SARA, these mecha-
nisms cannot prevent a transient fall of ruminal pH
in areas less than pH 5.5. Therefore some hours
after intake of a concentrate-rich diet the ruminal-
pH first reaches unphysiological acidic areas before
returning to a higher, physiological level: The line
of the ruminal-pH is characterized by subacute, in-
termittent acidosis. Generally spoken, SARA there-
fore has to be defined as an intermittent fall of
ruminal pH to non-physiological areas after con-
centrate-uptake due to maladaptation of the ruminal
environment in terms of ruminal microflora and ru-
minal mucosa. Sub-acute ruminal acidosis will
have clinically detectable consequences which will
become manifest after a certain delay to the initial
insult. The critical pH-threshold of the ruminal pH
can be identified at pH 5.5 some hours after con-
centrate feeding (Nordlund et al., 1995, Garrett et
al., 1999, Oetzal, 2000).
Occurrence of SARA
As earlier defined, SARA has to be seen as a sequel
of maladaptation in the ruminal environment to the
uptake of diets high in concentrate. In the rumen
basically the ruminal flora and the ruminal mucosa
are elements of regulation concerning the ruminal
pH, influenced by buffering capacity of the saliva-
flow and the feedstuffs themselves. Sub-acute ru-
minal acidosis, therefore may occur if sufficient
fibre is not provided to ensure a non-acidotic envi-
ronment within the reticulo compartment or, on the
other hand, the proportion of concentrates is too
high and predisposes for the development of this
condition. There are several ways in which a defi-
cient fibre-intake or elevated concentrate-intake
may occur. 
The prevalence of SARA is so far not re-
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searched intensively. Garrett et al. (1997) found in
a survey of 15 Holstein herds that 19 % of the
early-lactation cows and 26 % of the mid-lactation
cows suffered from SARA. In one third of the
herds even more than 40 % of the total number of
cows within the herd were diagnosed to have
SARA at the time of examination. 
Sub-acute ruminal acidosis in the early post-par-
tum period
In the period around calving dairy cattle suffers a
considerable impact of stress. Calving process,
onset of lactation, depressed feed intake and man-
agerial changes lead to a situation of negative en-
ergy balance going along with loss of body
condition and higher susceptibility to disease. Be-
sides changes in housing and group of cows the
change from dry-period diet to the (high) lacational
diet puts cows at a high risk for developing SARA
(Brand and Warner, 1996; Nocek, 1997). The ru-
minal status of the dry cow is adapted to fermenta-
tion of a diet, which is relatively low in energy and
usually high in structure, compared to the laca-
tional diet(s). Early lactation cows are at higher risk
due to reduced absorptive capacity of rumen ep-
ithelium, poorly adapted rumen micro flora, and
rapid introduction to high energy dense diets. The
ruminal mucosa is therefore less developed. There
is little microbiologic competence to ferment lac-
tate (Nordlund et al., 1995). Therefore, instead of
gradually being adapted to the high-energy- diet,
the cows in the early post-partum-period may be
confronted with a rapidly rising energy-content of
the ration (Nocek, 1997).
Situations of occurrence of SARA
These two factors combined, a rumen non-adapted
to concentrates, and a possibly high concentrate-
uptake around parturition, may lead to develop-
ment of SARA in the post-partum period. In any
case, the arising of SARA within this period can
usually be controlled by management, providing a
slow transition period from dry-period to lacta-
tional period ration. This will ensure better adapta-
tion of the reticulo-ruminal environment (Nordlund
et al., 1995).
Sub-acute ruminal acidosis in mid-lactation
In mid-lactation the development of SARA is
linked to managerial factors like feeding frequency,
processing of feed and housing and similar influ-
ences. Su-acute ruminal acidosis may occur when
the intake of easily fermentable concentrate feed-
stuffs meets a non-adapted ruminal environment.
Because the rumen in mid-lactational cows is usu-
ally well-adapted to the uptake of concentrates as
included in the diet, other factors are contributing
to the occurrence here. Mistakes in automatic feed-
ing or incorrect preparation of total mixed rations
are some of the documented issues accidentally
leading to this problem. In herds fed on a compo-
nent-based diet, the rations not only may be too
high in the concentrate component, but on the other
hand also fibre-deficient (Nordlund et al., 1995;
Garrett, 1996). Several reasons can lead to this un-
desired situation. First of all, the proportion of
components may be miscalculated. There is chance
that so the real weight of the forage, if only esti-
mated by volume, does not meet the requirements
due to falsely calculated dry-matter-base. This may
result in an insufficient uptake of fibre or, inversely,
a concentrate intake, which is relatively too high
(Garrett, 1996). The time-schedule of feeding has
a proven impact on ruminal pH (Yun and Han,
1989). Therefore a decision to feed smaller concen-
trate-meals more frequently will have a consider-
able impact on the arising of an acidotic ruminal
environment. Also the time difference between
concentrate and roughage feeding is of importance
for regulation of the ruminal pH (Nordlund et al.,
1995). The animals themselves may behave in such
a way that they take up an imbalanced ration: In
larger groups, with only limited access to the feed-
stuffs, the socially higher cows will eat first and
longer, and, in case of component-feeding, take up
relatively more concentrates and less fibre. Greed-
iness of the animals housed in groups and some-
time weather-changes are known to exacerbate this
problem (Underwood, 1992; Nordlund et al.,
1995). In TMR-fed herds an overmixing of the ra-
tion is documented (Garrett, 1996): Instead of let-
ting the ration being mixed for some minutes, the
mixing wagon may work up to an hour. This in-
evitably produces a diet very low in structure with
high palatability. It will easily be taken up by the
animals thus not providing the necessary buffering
saliva-flow, giving less buffering-capacity of the
feedstuffs within the reticulo-ruminal compart-
ment. (Nordlund et al., 1995; Garrett, 1996). The
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fact that cattle tend to sort out concentrate even
from a TMR has once again to be mentioned here
(Leonardi and Armentato, 2003). Therefore it can
be stated that SARA may occur in the mid-lactation
also, in the phase of highest dry-matter-intake.
More than in the early pre-partum period, it is al-
most exclusively related to management errors. Es-
pecially in high-producing dairy herds, where there
is a narrow fibre to concentrate ratio, the impact on
the remaining forage share may have severe con-
sequences These factors may cause just a transient
SARA-situation in the herd which usually will pass
unnoticed. The depression of feed-intake going
along with SARA, however, may cause clinically
detectable acidosis, too (Garrett, 1996). Maekawa
et al. (2002) reported that fresh animals are  at an
increased risk of developing SARA if component-
fed compared with being fed a TMR. Due to the in-
creased rate of consumption, less saliva is produced
per unit of feed consumed when grain is fed sepa-
rately from forages. Additionally, animals fed in-
gredients separately may consume all of the
allotted grain and leave some of the forage. The net
result is the consumption of a diet containing less
forage than intended, increasing the risk of SARA.
Preventive Management of SARA
Two lines of applied SARA-prevention in dairy-
herd management are visible. On one hand, the
management of the different lactation-stage groups
within the herd, on the other, the use of animal nu-
trition-guidelines applying to dairy cows. By both
ways it is aimed at a proper building up of the ru-
minal mucosa after calving in order to ensure adap-
tation and resorptional capacity of SCFA.
Herd management
The adaptation of the ruminal mucosa to a concen-
trate-rich diet takes about four to six weeks to de-
velop (Nordlund et al., 1995; Nocek, 1997). The
bacteriological changes are said to take place
within three weeks (Dirksen, 1985; Nordlund et al.,
1995). This data deliver a guideline for the intro-
duction of cows into lactation after the dry period
or the first parturition. A gradual adaptation of dry
cows to the lactational ration is necessary in order
to ensure not to overtax the changes within the
forestomach. In TMR-fed herds problems may
arise in relatively small herds. In order to keep the
labour preparing the rations low, the number of ra-
tion types may be reduced to one lactating and one
dry cow ration. The switch from one type to an-
other around partus is likely to overtax the ruminal
adaptation resulting in SARA or even acute acido-
sis (Nordlund et al., 1995). Especially in larger
herds, a considerable factor is the personnel re-
sponsible for the feeding of the cows. Changes in
the responsibility for feeding may lead to differ-
ences in feeding schedule, proportion of roughage
and concentrate, having a considerable impact on
an unstable ruminal environment. Although mainly
described in feedlots (Elam, 1976), this also could
apply to high-producing dairy herds and should
therefore be regarded as a hazard in the herd health
management. There are, of course, many other pos-
sibilities influencing the complex of adaptation and
herd management. In any case, the veterinarian
confronted with SARA suspected cows should be
aware of this and analyse the herd management to
define risks arising from here.
Feeding management
Best prevention of any fermentative disorder in the
forestomach has to be seen in proper feeding man-
agement (Garry, 2000). Because SARA has to be
viewed as a direct consequence from maximizing
energy intake, a provision of components within
the ration that are regulating physical and chemical
components is desirable (Nocek, 1997). Therefore,
in Germany for dairy cows a proportion from at
least 18% crude fibre in dry matter is recom-
mended, there from at least two-thirds being struc-
tured, not processed. This ensures the performance
of a dairy herd, for the C2/C3 relation in ruminal
fermentation pattern should at least be 2.0 with a
butyrate proportion not greater than 15% (Dirksen,
1985). In the Netherlands and Belgium a system
based on the structure value of feeding components
is used since the 1990s (De Brabander et al., 2002).
In component feeding, it should be taken care of
the sequence of the components fed. It is recom-
mended to have some roughage been fed before the
concentrate component is given. This applies espe-
cially in the morning (Nordlund et al., 1995). In
TMR using farms, a risk may arise from the over-
mixing of the ration. This may lead to a destruction
of structure of the roughage components, predis-
posing the ration to lead to SARA. Moreover, a
wrong estimation of the dry matter content of the
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ration can lead to a miscalculation of roughage to
concentrate ratio, giving way to the development
of SARA due to higher concentrate intake as esti-
mated (Nordlund et al., 1995). 
Laminitis
One clinical sign regularly mentioned to be asso-
ciated with SARA or subacute forms of
acidosis as well as ruminal acidosis in general is
laminitis (Rossow, 1984; Dirksen, 1985; Gabler
,1990; Underwood, 1992; Nocek, 1997; Enemark
et al. 1998; Garry, 2000; Oetzal, 2000; Ivany et al.,
2002). There are little sound statistics about the
prevalence of laminitis in dairy herds. Several pre-
disposing factors and possibly causative agents
have been defined. There is, however, still unclarity
about the definitive etiology of bovine laminitis as
well as about the link from acidosis to laminitis
(Frankena et al., 1992; Lischer and Ossent, 1994;
Nordlund et al., 1995). There is a strong influence
of feeding regime on the prevalence of bovine
laminitis and locomotive pathology in general, es-
pecially around parturition. Cattle fed on a diet high
in concentrates are more prone to develop locomo-
tive pathology (Livesey and Fleming, 1984; Man-
son and Leaver, 1988;  Kelly and Leaver, 1990;
Donovan et al., 2004). Also the amount and the fre-
quency of the concentrate meals are having influ-
ence. The more concentrate in a short period is
ingested, the more likely locomotive pathology is
to develop (Bergsten, 1994). There is a certain re-
lation to the body-condition of dairy cows and de-
velopment of noninfectious laminitis. Gearhart et
al., (1990) found cows being over conditioned at
drying off were at greater risk to foot problems.
However, no differentiation of the type of foot
problems was made. Laminitis in SARA-affected
cows is described as having a subacute and some-
times chronic character. Discoloration of the hoof,
sole ulcers, abscesses and haemorrhages, mis-
shapen hooves or double-walled soles are reported
to occur in SARA-confirmed individuals (Nord-
lund et al., 1995; Oetzal, 2000). Other factors re-
lated to the pathogenesis have also to be examined,
for the pathogenesis of the laminitis still remains
uncertain (Garrett, 1996). It is suspected that there
are vasoactive substances entering the bloodstream
from the rumen, leading to damage in the corium.
The initial insult is thought to be metabolic in na-
ture like a low ruminal pH. This allows a chain of
pathological mechanisms to take place, eventually
leading to ischemia of the distal limb and a clini-
cally detectable form of laminitis, manifestating by
blood imbibition of the sole during acute phases of
the disease and classical picture of hoof deforma-
tion as the disease becomes chronic. Histamine,
bacterial endotoxins and lactate are biological ac-
tive agents suspected to interact in this complex
(Lischer and Ossent, 1994; Nocek, 1997). Hista-
mine has earlier been thought to be the main
causative agent of bovine laminitis due to its va-
sodilatating activity (Dirksen, 1985). However, the
idea is today that it plays a certain role in the patho-
genesis but does not act solely. The fact that hista-
mine is produced by decarboxilation of histidine in
the rumen is long since known (Slyter, 1976). Bac-
terial endotoxins present in ruminal fluid also have
been named as a possibly causative agent in the
bovine laminitis complex. In an acidotic environ-
ment, the ruminal flora changes to a mainly gram-
positive pattern. It has been shown that there is a
detectable increase of endotoxins in the rumen,
probably derived from the breakdown of the gram-
negative bacteria (Aiumlamai et al., 1992; Ander-
sen et al., 1993; Nocek, 1997). Lactate has been
said to cause laminitis in sheep after being infused
intraruminally. However, these effects could not be
reproduced in cattle. In any case, the high levels of
lactate reproduced and resorbed in ruminal acidosis
may act as a co-agent in laminitis development
(Lischer and Ossent, 1994; Dirksen, 1985). It
strikes that these three substances (Histamine, Lac-
tate, Endotoxins) are all products of an acidotic ru-
minal environment. The question remains how
these substances are biologically active under cir-
cumstances as present in SARA, when there is a
certain balance between adaptation and maladap-
tation providing stabilization of the ruminal envi-
ronment. It has been proposed that the development
of a non-acute laminitis in non-acute acidosis is the
result of a repetitive metabolic insult (Dirksen,
1985). This fits to the idea of a ruminal pH, which
drops in a certain period of time after the ingestion
of concentrate. However, the initial mechanisms
eventually leading to laminitis are yet to be identi-
fied. In any case, the correlation between concen-
trate-intake and the occurrence of locomotive
pathology like laminitis supports the hypothesis of
a common epidemiological background.
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Milk fat depression
A depression of milk fat percentage in cows af-
fected by SARA or generally non-acute forms of
ruminal acidosis, respectively, has been docu-
mented (Dirksen, 1985, Nordlund et al., 1995,
Chalupa et al., 2000; Oetzal, 2000). Because it usu-
ally occurs in individuals, the decrease of milk fat
remains undetected in the bulk tank testing (Garrett
1996; Nocek, 1997). The fact that there are alter-
ations in the ruminal fermentation patterns in
SARA has been hold responsible by some authors
for this depression (Rossow, 1984; Dirksen, 1985;
Gabler, 1990). Also transient depression of the
daily milk production has been reported in cases of
SARA (Oetzal, 2000). The fact that the feeding
largely influences the milk fat content is well
known. The terms “low milk fat syndrome” and
“milk fat depression” (MFD) are frequently used
to describe a situation where there is a considerable
depression in milk fat, largely due to mistakes in
feeding strategy (Baumann et al., 2001). The fol-
lowing reasons for arising of low milk fat syn-
drome have been defined: 1) Feeding of a ration
high in energy but deficient in roughage, 2) Feed-
ing of processed roughage, e.g. by pelleting and 3)
Supplementation of unsaturated fatty acids (Gurtler
and Schweigert, 2000). A number of experiments
showed the depression of milk fat being a sequel
to a change in the ration.The increase of concen-
trates or the processing of roughage usually re-
duced milk fat content. In experiments the milk fat
was decreased to 1.09–2.19% in specific situations
(Van Breukelen et al., 1986). The milk fat depres-
sion was found being accompanied by a number of
changes in the ruminal fermentation pattern. In one
study the drop in milk fat was accompanied by an
increase of milk yield and a body weight gain (Van
Breukelen et al., 1985). Adding buffering sub-
stances to the high-concentrate-diet prevented the
milk-fat content from dropping and re-established
a higher ruminal pH, respectively (Rogers et al.,
1982; Van Breukelen et al., 1985; Khorasani and
Kennelly, 2001). It was concluded that the addition
of buffering substances prevents the forming of
trans-C 18:1 fatty acids that are suspected to inhibit
the synthesis of milk fat in the mammary gland
(Kennelly et al.,1999). There is no report about in-
fluence on milk-protein. There is a certain associ-
ation between SARA and the reported milk-fat
depression: Both arise in situations in which a diet
high in concentrate, low in fibre or structured fibre,
respectively, is fed to the dairy cows. The question
remains, however, if milk-fat depression can be
viewed as a symptom of SARA. Although the ru-
minal pH is reported to drop in experimental situ-
ations of inducing low milk-fat, this alone does not
justify those situations to be characterized as being
SARA. It seems justified to state that SARA may
develop in the same situations where low milk fat
syndrome is likely to occur, rather than to interpret
milk fat depression being a sequel of SARA itself.
It seems that milk fat depression also may occur in
situations in which the adaptation of the ruminal
flora prevents the development of SARA with its
clinically detectable consequences. 
Decreased DMI-Intake, loss of condition, ruminal
hypomotility
In many papers related to the non-acute, non-clin-
ical forms of acute ruminal acidosis, decrease of
dry-matter-intake (DMI) is given as a consistent
clinical sign, as a viable indicator of ruminal aci-
dosis (Garrett, 1996; Garry, 2000; Stock ,2000). A
Swedish study showed a lower feed-intake in dairy
cows post-calving fed on a ration higher in concen-
trate, compared to cows fed on a low-concentrate-
diet (Olsson et al., 1998). A recent study revealed
a 25%-decrease in the intake of a TMR during
SARA-periods induced, compared to normal.
Moreover, the digestion of feedstuffs was generally
impaired (Krajcarksi-Hunt et al., 2002).Many stud-
ies have been done on the feed intake in beef cattle
with subacute acidosis.The reasons for the lower
DMI have to be seen in weaker rumen motility, in-
hibited by certain mechanisms arising during low
pH-phases within the rumino-reticular environ-
ment. It has been proposed that the high production
of SCFA in ruminants fed on high-concentratediets
leads to a reduction of rumen motility (Slyter,
1976; Furll et al., 1993). The idea that a metabolic
acidosis leads to a decrease in the amplitude and
frequency of ruminal contractions has been ruled
out (Crichlow and Chaplin, 1985). Bacterial endo-
toxins have been related to the decrease of rumen
motility. The principles of rumen hypomotility in-
volving toxaemia in cases of coliform mastitis have
been well described (Verheiden et al., 1981;
Hoeben et al., 2000). A mechanism of inducing ru-
minal hypomotility has been related to endotox-
aemia (Eades, 1997)..Another explanation for the
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decrease of DMI has been given by Oetzal (2000).
The described increase of osmolarity of ruminal
content due to reduced absorption and increase of
osmolarly active substances like glucose, SCFA or
lactate leads to a flow of fluid into the rumen which
in turn reduces the feed intake of the animal af-
fected. A low body-condition has usually been as-
sociated with SARA (Nordlund et al., 1995; Nocek,
1997; Oetzal,  2000), on the other hand, some au-
thors characterize animals affected by “chronic aci-
dosis” as become obese due to a narrow C2/C3
relation in ruminal fermentation and associate it
with fat-cow-syndrome (Dirksen, 1985; Gabler,
1990). This difference in description is the more
apparent, as the other signs are characterized sim-
ilarly by all authors. The question remains whether
it is in fact dealt with different diseases or just
stages of one disease. In beef-cattle, the narrow
C2/C3 relation is to a certain extent desired in order
to maintain the necessary body weight gain, but it
has to be managed carefully for it is an unstable sit-
uation which may affect the DMI, negatively influ-
encing the body weight (Stock, 2000). The same
situation may arise in dairy cattle, in which, how-
ever, the narrow C2/C3 pattern leads to a milk-fat
depression and an increase of body condition
(Dirksen, 1985). The decrease in DMI described
must not be confused with the decrease and the rel-
atively lower increase of DMI in ongoing lactation
of feed intake as associated with negative energy
balance (NEB). This is reported to be the more dra-
matic the more the animals tend to be overfed in
dry-period and therefore are in severer NEB
(Rukkwamsuk, 1999). However,certain interaction
seems to be possible. Both complexes, NEB and
SARA, are associated with decrease of DMI and
related to the post-partum-period. It could be
thought of an interaction via the DMI exaggerating
the one or the other problem. There is however, no
literature available, especially because in both
complexes yet it has to be researched. It is obvious
that the described increase of body condition in
dairy cows experiencing acute acidosis applies to
the late-lactation and dry period, for an increase
will rarely be achieved in the early lactational sta-
dium. This overcondition of the animals later may
exaggerate negative-energy balance and lead to the
fat-cow syndrome. It appears also likely that those
animals may develop a subacute acidosis leading
to a further decrease in body condition as found at
reduction of DMI and other factors. Therefore it
appears to maybe useful differentiating a type of
subacute acidosis, maybe better characterized as
chronic, mainly in beef-cattle and late-lactation
cows promoting a gain in body-condition from the
subacute ruminal acidosis leading to the described
loss in body condition. . Reasons for poor body-
condition may be chronic inflammation (Oetzal
2000), leading to an impaired health status of the
animal affected or the described decrease of DMI.
A farmer may try to correct the possibly occurring
loss of body condition, originating from SARA, by
increasing the energy level of the ration, thus ex-
aggerating the basic acidosis problem (Nordlund et
al. 1995).
Alterations in faeces, diarrhea
The fact that faeces of cattle, affected by acute
as well as subacute ruminal acidosis, change is well
described. (Rossow 1984, Dirksen 1985, Nordlund
et al. 1995, Garry 2000, Oetzal  2000). The struc-
ture and consistency of the faeces depend on rumi-
nation, activity of the ruminal flora and ruminal
passage (Garry, 2000). The changes are described
as alterations in colour, which appears brighter and
yellowish. The pH of the faeces is lower than nor-
mal, usually slightly acidic (Dirksen, 1985). The
smell of the faeces is said to be sweet-sour (Oetzal,
2000). The size of ingesta particles may be too
large, being around 1 – 2 cm instead of less than
0.5 cm. Whole cereal grains may be present. The
alterations are usually transient in nature (Garry,
2000). One explanation for this phenomenon is
post-ruminal fermentation in the intestines due to
a massive outflow of fermentable carbohydrates
from the rumen (Oetzal, 2000). Another explana-
tion could be the high osmolarity, which is de-
scribed for the ingesta in SARA-affected animals,
which could lead to soft faeces, due to binding of
fluid in the intestinal lumen (Garry, 2000). Gener-
ally speaking, the impaired ruminal function as
mentioned above in terms of rumination, bacterial
breakdown and passage, leads to the alteration in
faecal aspects. Kleen et al., (2003) reported that in
SARA cases faces are bright, yellowish, have a
sweet sour smell, appear foamy with gas bubbles,
and contain more than normal amounts of undi-
gested fibre or grain (Hall, 2002). Nordlund et al.
(1995) reported on herds with loose faeces that
contained substantial amounts of undigested feed
particles. Intermittent diarrhoea and the presence
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of undigested particles indicate inadequate diges-
tion and fast passage of feed.
Use of buffers
Buffers are well advocated in therapy of acute ru-
minal acidosis, and they may also be
beneficial in prevention against any form of acido-
sis (Rossow, 1984; Garry, 2000). Their use has
been reviewed (Garry and Kallfelz, 1983) and, re-
cently, a new technique, using a rumen model for
evaluation of effect has been introduced (Zamar-
reno et al., 2003). For purpose of regulating the ru-
minal acidity, the use of bicarbonates seems to be
suitable, for it can be considered as a replacement
of the buffer provided by saliva-flow. In contrast,
the benefit of hydroxides is said to be poor (Garry
and Kallfelz, 1983). The osmotic effect, which is
provided by sodium bentonit salt, may lead to a
fluid flow into the reticulo-ruminal compartment,
supporting a better turnover of the ingesta-flow.
Moreover, some of the substances are said to have
a corrective effect on the milk fat depression
caused by low ruminal pH (Garry and Kallfelz
,1983; Rossow, 1984). However, there still is a lack
of scientific evidence. The processing of feedstuffs
with NaOH, done to increase palatability, also may
contribute in rumen pH-stabilization (Dirksen,
1985). Generally, in a situation in which feeding
high proportions of concentrate may cause a pH de-
pression in the reticulo-ruminal compartment, the
preventive use of buffers, especially bicarbonate,
may prevent an overgrowth of acid-tolerant lacto-
bacilli, thus preventing a further decrease (Garry,
2000). Downer and Cumming (1985) reported that
addition of 150 g of sodium bicarbonate to the lac-
tation feed per day had a positive effect on milk
yield. Similarly a positive effect has been demon-
strated  on feed intake and milk fat percentage
(Erdman, 1988). Hutjens (1991) reported that nor-
mally a single buffer is used but combination of
several buffers are possible with a documented pos-
itive influence on milk yield, fat % and dry matter
intake.
Ruminal pH and sub-clinical acidosis
Krajcarski-Hunt et al. (2002) found that induction
of sub-clinical ruminal acidosis significantly re-
duced the mean daily rumen pH from 6.36 to 5.72,
increased daily time below pH 6.0 from 155 to 938
minutes per day and increased the time where the
rumen pH was <5.6 from 15 to 594 minutes per
day. The risk of acidosis is increased when cattle
are fed forages high in non-structural carbohydrates
(sugars and starches) with low effective fibre con-
tent, such as clovers and young lucerne (alfalfa)
and possibly ryegrass that may not stimulate ade-
quate rumination and salivation, especially when
fed in combination with concentrate feeding.
Clinical diagnosis of acidosis severity uses ruminal
pH thresholds of 5.8 or less for SARA and 5.2 or
less for acute acidosis (Cooper and Klopfenstein,
1996; Owens et al., 1998; Ghorbani et al., 2002).
However, ruminal pH thresholds should be used as
general guidelines as the actual ruminal pH where
SARA becomes acute is difficult to determine as
cattle vary in their ability to cope with dietary
changes that induce acidosis and characterization
of acidosis severity should be based more on symp-
toms (Stock and Britton, 1993, Schwartzkopf  et al.
2004). Accumulation of VFA in the rumen, rather
than lactic acid, is responsible for the decline in ru-
minal pH during SARA. Lactic acid is present in
the rumen at very low concentrations during SARA
(Mackie and Gilchrist, 1979; Britton and Stock,
1986; Owens et al., 1998; Ghorbani et al. 2002).
Ghorbani et al. (2002) summarized ruminal pH
data of steers fed a barley diet using pH thresholds
of 5.8 (mild SARA) and 5.5 (severe SARA).  et al.
(2004) considered SARA to exist when ruminal pH
fell below 5.8 for greater than a total of 12 h/d.
Plaizer et al. (1999) reported dairy cows experi-
enced SARA when ruminal pH was reduced below
pH 6.0 and 5.6 for a substantial part of the day (5
and 1 h, respectively).
Blood pH and sub clinical acidosis:
Changes in systemic acid-base status are minimal
during SARA (Horn et al., 1979; Goad et al., 1998;
Brown et al., 2000). However, when ruminal lac-
tate accumulation occurs, there is an elevated risk
of metabolic acidosis whereby plasma lactate con-
centrations rise and blood pH is lowered (< 7.35)
(Telle and Preston, 1971; Burrin and Britton 1986;
Krehbiel et al., 1995; Owens et al., 1998; Brown
et al., 2000). However, SARA can still lead to tis-
sue damage, unstable microbial and bacterial pop-
ulations and reduced protozoal numbers
(Huntington, 1988). Prolonged effects can occur
from one single bout of acidosis, attributing to cat-
tle being “chronics” or “poor-doers”, where they
have reduced feed intake, weight gain and feed ef-
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ficiency (Huntington, 1988; Stock and Britton,
1993; Krehbiel et al., 1995). Clinical diagnosis of
metabolic acidosis relies on blood pH levels equal
to or less than 7.35 (Owens et al., 1998). Changes
in systemic acid-base status have been reported to
be minimal during SARA because the ruminal pH
eventually recovers during the day and homeostasis
of blood is maintained (Burrin and Britton, 1986;
Goad et al., 1998; Brown et al., 2000).
Diaganosis
The definition of sub-clinical acidosis is controver-
sial, with some authors suggesting that a pH of 5.5
detected by rumenocentesis be used as a cutpoint
for detecting the disorder (Garrett et al., 1999).
However, Bramley et al. (2007) used an approach
of categorising cows on VFA, lactic acid and am-
monia concentrations, and pH. One group of cows
identified this way was consistent with acidosis,
being characterised by high concentrations of
valerate and propionate and low concentrations of
ammonia. While the pH was low and the lactic acid
concentrations high for this group, these were the
least discriminatory variables. Using pH as the sole
measure to detect acidotic cows was neither highly
sensitive nor specific. Improved diagnostic meas-
ures to confirm diagnoses made on clinical signs
need to be developed.
The current recommendations are to have your
veterinarian perform rumenocentesis (sample
rumen with a needle) on 12 animals per feeding
group. Subacute acidosis is diagnosed if three or
more have a pH of 5.5 or less. Samples should be
collected at 4-8 hours after a TMR meal or 2-4
hours after the concentrate portion of a component-
fed ration. Qualitative evaluation of manure can
also be helpful.
Future thrust:
1.The understanding of the principles of ruminal
acidosis, especially in its subclinical form requires
certain clarity about the physiological conditions
within the reticulo-ruminal compartment. The fer-
mentation processes in the reticulo-ruminal com-
plex of ruminants have attracted many researchers.
Many techniques have been developed in order to
gain insight into to the dynamic biochemical
processes taking place in the fore stomach of rumi-
nants (Van Soest et al., 1988). Many papers have
thus been written related to the ruminal pH, al-
though the value of the results is doubted by some
researchers, because the individual circumstances
and influences on the animal observed have always
to be taken into account. These factors are e.g. the
cow health status, the diets fed and feeding regime,
diurnal variation or the different regions of the
reticulo-ruminal complex where the samples are
taken from. It has to be pointed out that the purpose
of the biologically active and constantly altering
ruminal environment is not to maintain a steady
pH, but to develop circumstances most suitable for
the digestion of a certain diet.
2.The sub acute ruminal acidosis (SARA) is be-
lieved to play an important role in high producing
dairy farming. More emphasis should be given to
low milk fat, low BCS, moreover laminitis and
other kinds of pathology leading to high-culling
rate on herd-level as it is directly linked to SARA.
Although in particular in high producing dairy
herds a high proportion of highly fermentable car-
bohydrates in the diet has to be expected in order
to meet energy demand, that results in SARA. 
3.SARA does occur also in relatively low produc-
ing herds, indicating that poor feeding management
obviously is one of the key factors responsible for
SARA. SARA has to be expected in situations of
severe negative energy balance and might be traced
in herds with low body condition scores and heavy
condition loss after calving. Milk fat depression is
observed in herds showing SARA, thus is also to
be considered being present in herds with appar-
ently normal fat percentage. Ruminocentesis
proved to be a valuable diagnostic tool in diagnos-
ing SARA 
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